The solar energy flux as a function of depth (the irradiance profile) in the ocean is an important function. It influences the dynamics of the mixed layer via the heat budget as well as the biology of the euphotic zone. The following three-parameter model can take into account the very rapid decrease near the surface due to absorption of long-wavelength radiation by water as well as the eventual exponential decrease at great depths. E(z) -E(0)e-•qZ(l -K2 arctan K3z), where E(z) is the irradiance at depth z and K•, K2, and K3 are constants that depend on the optical properties of the water. The constants are determined for Jedov's water types. The constants can readily be calculated from any irradiance profile.
INTRODUCTION
Solar radiation in the region of 300-2500 nm is a source of energy for the upper ocean. This energy influences the dynamics of the ocean and is the ultimate power source of the entire oceanic ecosystem. Much of the light energy (with wavelengths of 800-2500 nm) is absorbed in the first meter. The profile of energy flux (irradiance) in the first meter is governed primarily by the absorption properties of pure water. At greater depths and for the shorter wavelengths, scattering and absorption by suspended particles becomes the dominant process. The spectrum of light continuously changes as a function of depth, since each wavelength has a different rate of attenuation. Heat budget and ecosystem modeling both require a simple mathematical model of irradiance as a function of depth. This paper describes a three-parameter model that can take account of the rapid decrease of solar energy near the sea surface as well as the eventual near-asymptotic exponential decrease at great depths.
In a homogeneous ocean, irradiance penetration for a given wavelength 3, is given by Ex(3`, z)= Ex(3`, 0) e -sax'z• dz
where E•(3`, z) is the irradiance per unit wavelength for wavelength 3, at depth z; K(3`, z) is the irradiance attenuation coefficient for wavelength 3` at depth z. The irradiance for all wavelengths, E(z), is then governed by 
where we have set k(X,•) = K•. The parameters K•, K2, and K3 can be determined by using irradiance values at the surface (Zo), at a shallow depth (z,), and at two large depths (z2, z3). The value of K• is obtained by using only the exponential factor of (8) 
K3-{tan[•---•(l-E(z•) exp(K•z,)]) E(zo) ) z (12)
In the solution of (11) the assumption that arctan K3z3 = •r/2 is true within 1% only when K3z3 --> 64.5. In the case of coastal water measurements it may be impossible to obtain light levels adequate to measure at depths which satisfy this approximation. Consequently, an iterative calculation is carried out in which (11) is first solved for K2, assuming K3z3 = •r/2. Equation (12) is then solved as before, and the solution for K3 (along with the calculated value of K•) is used in (8) to resolve the new value of K2. This iterative process is used until the variation in K2 with the previous iteration is less than 5%.
RESULTS AND OBSERVATIONS
The calculated values of K!, K2, K3, and K: arctan K3 are shown in Table I The value of K! indicates the exponential slope of the irradiance profile with depth in the deep ocean, where the irradiance is nearly monochromatic. Generally, the wavelength of maximum irradiance transmission increases with increasing values of K•. Clean ocean water (such as type I) with a value of K ! from 0.03 to 0.05 has a peak transmission at a wavelength of approximately 475 nm; water type 9 has a peak transmission at 575 nm [Jerlov, 1976] .
At great depths the value of arctan K3z approaches •r/2, which means that the deep irradiance is described as
As K2 increases, the amount of irradiance at a given depth decreases. Since the irradiance at great depths is nearly monochromatic (as determined by K!), it is seen that K: indicates the relative amounts of monochromatic light available for each water type. Generally, after the surface attenuation of long-wave irradiance in the ocean there is more blue light available than green. Since clean ocean water has its maximum transmission in the blue light region, the value of K: The importance of this arc tangent model lies in its accuracy at shallow depths. There is a strong attenuation of longwave solar radiation in the upper 10 m of the sea surface. Accurate modeling of the irradiance profile in this layer is important for oceanic heat budget studies and photosynthesis determinations.
